INTRODUCTION
Mitogen-activated protein kinases (MAPKs) are key enzymes involved in diverse cellular processes in response to extracellular stimuli. In mammals, three major groups of MAPK have been identified : ERK, P38 and the c-Jun NH2-terminal kinase (JNK) (1) (2) (3) . The JNK pathway is activated by many forms of stress including cytokines, heat shock or radiation. In response to these stimuli, specific MAPKKKs are activated which modulate MAPKK such as MKK4 and MKK7 which sequentially phosphorylate the JNK kinase. Once activated, the JNK phosphorylates c-Jun which in turn increases transcription activity of many target genes. The functions of the signal transduction mediated by the JNK group of MAP kinases include the control of cell survival and apoptosis, the regulation of cell proliferation and embryonic morphogenesis (1) (2) (3) . JNK homologs have been identified in Drosophila and this signaling pathway is required for embryonic epithelial cell sheet movement and planar polarity (4) . In Xenopus laevis eggs and embryos, the JNK pathway is activated during oocyte maturation and stays constitutively activated until the early gastrula stage of embryogenesis suggesting a critical role of the kinase during oocyte maturation and embryogenesis (5) .
The specificity of JNK activation and function requires the presence of the scaffold protein "c-Jun N-terminal kinase interacting protein-1" (JIP-1) (6;7). This protein was recently identified as the mammalian homolog of the yeast STE5 that functions as a scaffold protein which organizes the MAPK cascade into a specific module (8) . JIP-1 binds to JNK, MKK7 and MLK1 and potentiate the JNK activation (1;6;7). JIP-1 contains a SH3 and PID domain in the carboxy-terminal part of the protein which interact with p190 RhoGEF, the reelin receptor ApoER2, the LDL receptor-related protein, megalin and more recently kinesin (9) (10) (11) (12) . JIP-1 was initially cloned from a mouse library using JNK as a bait in a two-hybrid system (6) . The rat and human homolog of JIP-1 was independently identified and termed Islet-Brain1 (IB1) since it is expressed in the insulin-secreting β-cells of the pancreas and in neurons (13;14) . The function of IB1/JIP-1 was partially investigated in insulin secreting cells. In these cells, activation of the JNK cascade by interleukin-1 reduces IB1/JIP-1 content and promotes apoptosis (15) . Reduction of the content of IB1/JIP-1 in these cells increased phosphorylation of c-Jun and the apoptotic rate. Conversely, overexpression of IB1/JIP-1 prevented JNK-activation and apoptosis (15) . The MAPK8IP1 gene encoding the human IB1/JIP-1 was mapped to chromosome 11p11.12 (14) . MAPK8IP1 is a candidate-gene for type 2 diabetes since a missense by guest on July 15, 2017 http://www.jbc.org/ Downloaded from mutation within the coding region of this gene was linked to human diabetes in a large pedigree (16) . The mutation was shown to be associated in vitro with an accelerated apoptosis and a decreased insulin transcriptional activity (16) . 
RESULTS
The murine gene encoding IB1/JIP-1 was cloned from a 129/SvJ mouse genomic library. A targeting vector was designed to replace exon 3 through exon 8 of the MAPK8IP1 gene with the neomycin resistance gene (Fig 1) . Three embryonic stem cell clones that had undergone homologous recombination were microinjected into C57BL/6 host blastocysts. One clone produced a germline chimeric male resulting in offspring heterozygous for the disrupted allele (Fig 1) . were already present in the unfertilized oocyte (Fig 2) . IB1/JIP-1 mRNA was also found to be present in testis by Northern blot analysis (data not shown) and immunocytochemistry studies were then performed in unfertilized oocytes, mature spermatozoa and during various stages of embryonic development using affinitypurified antibodies raised against IB1/JIP-1 (Fig 3A-J) . IB1/JIP-1 was immunodetected in zygote in pronucleate stage, in blastocysts and in mature spermatozoa (Fig 3A-J) . To explore the possibility that the disrupted allele could be associated with a loss of IB1/JIP-1 protein in a fraction of the spermatozoa, aliquots of freshly isolated spermatozoa were smeared on microscope slides. After immunstaining using the anti-IB1/JIP-1 antibodies, we counted the spermatozoa for positive and negative staining. Over 600 separate mature spermatozoa isolated 
MATERIALS AND METHODS

Generation of IB1/JIP-1 mutant mice
A rat IB1 cDNA probe was used to isolate a 13. 
Mouse Oocytes and Zygotes
Six to 9-week-old IB1/JIP-1 heterozygous females were stimulated (day 1) with one peritoneal injection (10 IU/ 0.2mL) of FSH (Folligon; Intervet AG, Pfäffikon, Switzerland) followed on day 3 by a second injection (10 IU/0.2mL) of hCG (Pregnyl;
Organon, Zürich, Switzerland) to induce ovulation (26) . For the recovery of oocytes, females were killed 13 hours after hCG administration by cervical dislocation. For the recovery of zygotes, females were mated after hCG injection with 8-to 16-week-old heterozygous males and killed 24 hours after hCG injection.
Immunolabeling of testis, spermatozoa and zygotes
For light microscopy studies, mouse gonads were rapidly excised and cut in fragments that were quickly frozen in 2-methylbutane precooled in liquid nitrogen.
Testis fragments were frozen in OCT medium (Miles Inc., Elkhart, IN, USA) and cryo-sectioned at 5 µm thickness. Aliquot of freshly isolated spermatozoa were smeared on precleaned microscope slides, allowed to air dry 2 h, fixed in methanol for 10 min, and left to air dry before being rinsed in PBS. To improve the staining of zygotes, we drilled the zona pellucida by laser light (27) .
Western blot analysis
Whole brains were obtained from mice at different developmental stages. A total of 100 µg of the extracts were separated using a 10% SDS-PAGE and the protein were 
